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ommunity-acquired pneumonias was noted, but later studies
ore consistently demonstrated the vaccine’s best protection was

gainst invasive pneumococcal disease [3–9].
S. pneumoniae is recognized as a major cause of morbidity

mong US military populations. During the influenza pandemic
rom 1918 to 1919, death was far more common among patients
ith influenza who developed secondary S. pneumoniae infection

10]. This predisposition to S. pneumoniae or bacterial infection
fter influenza infection has subsequently been well described
11]. Additionally, a study by Hakansson and colleagues in the
arly 1990s documented increased adherence of S. pneumoniae to
uman respiratory tract epithelial cells previously infected with
denovirus, suggesting an increased expression of receptors for
. pneumoniae after adenovirus infection [12]. This is particularly
mportant to consider in the military training setting where aden-
virus infections are prevalent [13].

US Navy data from 1981 to 1991 suggest that S. pneumoniae
aused approximately 12% of military pneumonia hospitalizations
r 9.5 admissions per 100 000 person-years [14,15]. An epidemic
f 124 cases of pneumococcal pneumonia occurred during win-
er 1989 at a military training facility. Reichler et al. suggested that
PV23 be used as a preventive strategy where potential exposure to
espiratory pathogens occurs in crowded settings such as these mil-
tary training camps [16]. Other outbreaks have been documented,
articularly in US military training scenarios [14,17,18]. Pneumo-
occal pneumonia outbreaks have also occurred in Israel, Russia,
nd Finland [19–21]. Because the incidence of outpatient disease
s unknown and there are diagnostic difficulties in identifying S.
neumoniae, these reports likely underestimate the true impact of
his pathogen [14].

Civilian  cost-benefit and cost-effectiveness studies performed
rior to this study suggested that vaccination against pneumococ-
al pneumonia would create net health improvements in every
ge group and that vaccination programs for those considered at
igh risk were economically justified [22,23]. Beutels and Postma
emonstrated that vaccination of those between 65 and 75 years
f age, immunocompromised individuals, and military populations
as cost-effective [24]. In 2000, Vold Pepper and Owens suggested

hat if all Navy and Marine Corps members were vaccinated, sav-
ngs of $5.7 million could be achieved during members’ active-duty
ervice [25].

An  increasingly important problem regarding S. pneumoniae
nfections is antimicrobial resistance. Data collected from the
nited States for the SENTRY Antimicrobial Surveillance Program
eginning in 1998 showed an overall increasing trend of S. pneu-
oniae non-susceptibility to penicillin, amoxicillin, ceftriaxone,

rythromycin, and clindamycin [26]. From 1998 to 2011, percent
usceptible S. pneumoniae isolates dropped from 97.1 to 81.1 for
moxicillin (≤2 �g/mL); from 96.8 to 85.2 for penicillin (≤2 �g/mL);
nd from 82.2 to 55.2 for erythromycin (≤0.25 �g/mL) [26]. Prior
o this study, data from Naval Medical Center San Diego from May
995 to May  1997 showed that the prevalence of penicillin resis-
ance among non-sputum clinical isolates of S. pneumoniae was
s high as 43% (18% intermediately resistant, 25% highly resistant)
27]. As the prevalence of antibiotic resistance increases in military
opulations, alternate public health interventions, such as routine
neumococcal vaccination of all military trainees, have been con-
idered [14].

With  frequent outbreaks, potential cost savings, increasing
esistance to antibiotics, and the availability of the safe PPV23,
ublic health officials at several US military training centers have
pted to routinely employ the vaccine, despite the lack of effective-

ess data and a specific policy requirement. A number of scientific
eports posit success with the vaccine among military trainees
n the United States, Russia, and Finland [17,19,21,28]. In 1998,
o address the need for compelling data, the US Armed Forces
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Epidemiological Board (USAFEB), a volunteer board composed of
civilian experts in various fields of infectious disease and public
health, recommended the US Department of Defense (DoD) con-
duct a research study on the effectiveness of the pneumococcal
vaccination in military populations [29]. The hope was that the
PPV23 might be clearly established to reduce morbidity and mor-
tality within military groups already known to bear a high burden of
respiratory illness, and address the need for more evidence to guide
policy decisions for pneumococcal vaccination in military popula-
tions. Spurred by the USAFEB’s recommendation, the goal of this
study was  to determine the effects, if any, of PPV23 on the out-
come measures of S. pneumonia infections, any-cause pneumonia,
any-cause respiratory disease, recruit training clinical pneumonia
(radiographically confirmed during the recruit training period), and
days lost from training among military recruits.

2. Methods

2.1. Study participants, enrollment, and follow-up

Given their documented high rates of respiratory illness, US
military trainees were selected for participation. The procedures
followed were in accordance with DoD ethical standards and the
Helsinki Declaration of the World Medical Association. The study
was approved by multiple DoD institutional review boards. Using
a written informed consent process, basic training recruits at five
recruit training centers (in South Carolina–two sites, Missouri,
Illinois, and California), where rates of respiratory illness are con-
sistently high, were invited to participate during their first week
of training. Pregnancy screening was performed on all women,
and those with positive results were not enrolled. Exclusion cri-
teria included known history of PPV23 vaccination within the
past 5 years or having a medical condition that either required
or precluded pneumococcal vaccination. Study participants com-
pleted a study questionnaire and were administered a prepackaged,
blinded, and randomized intramuscular deltoid injection contain-
ing either the PPV23 (Wyeth Pharmaceuticals or Merck & Co., Inc.)
or saline. Randomization was  conducted by a third party in a simple
1:1 ratio, and tubes were labeled with a unique identifier. The iden-
tifier was  then followed on each subject’s enrollment paperwork
for later unblinding. Study injections were administered at the
same time as other recruit in-processing vaccinations, which may
have included vaccines against polio, measles–mumps–rubella,
varicella,  tetanus–diphtheria, hepatitis A virus, hepatitis B virus,
meningococcal disease (A/C/Y/W135), and influenza. At the end
of recruit training, a questionnaire was administered to capture
symptoms and signs of illnesses that might have been missed by
the active and passive surveillance.

Since  enrollment continued for more than 2 years, the person-
year contributions of those first enrolled were greater than those
enrolled near the trial’s end. The original planned surveillance
period was 1.7 years. This was later extended to 6.7 years from
enrollment of the first participant, for continued monitoring of
impact in this large double-blinded trial.

2.2. Specimen collection

During  the active surveillance period, study participants with
suspected pneumonia were identified by the attending physician.
Study personnel obtained three throat swabs, blood cultures (aer-
obic and anaerobic), sputum sample (if producible), and acute

serum samples from participants. Samples were processed on all
participants that received radiological confirmation. From these,
attempts were made to also capture a convalescent serum sample 2
weeks after the acute presentation. These attempts were not always
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uccessful. Barriers included trainee discharge from military ser-
ice, difficulty in obtaining access to the recruits when they were
n field exercises, and recruits graduating and moving to new duty
tations.

.3. Laboratory methods

Specimens  collected from study participants were examined
sing classic, molecular, and serologic laboratory methods at the
aval Health Research Center (NHRC) Respiratory Disease Labora-

ory, a College of American Pathologists-accredited laboratory.
At  NHRC, researchers isolated adenovirus, influenza, parain-

uenza, and respiratory syncytial virus from pharyngeal swabs
sing fluorescent antibody antigen tests. Adenovirus and influenza

solates were typed using standard viral identification techniques
29].

Sputum specimens were inoculated for S. pneumoniae culture
sing standard techniques [30].

Paired acute and convalescent sera were assessed for IgM
nd IgG titers to pneumolysin. Sera were tested with an enzyme
mmunoassay using a procedure described by Kalin et al. [32].

For  Chlamydophila pneumoniae polymerase chain reaction study,
hroat swabs were collected from patients diagnosed with pneu-

onia, immediately placed in Chlamydia transport media, and
ransported on ice. The throat swabs were used in a direct PCR

ethod, such as the procedure described by Campbell et al. [33].
mplification products were analyzed by electrophoresis through

 1.5% agarose gel by standard methods [34]. Sample preparation,
CR amplification, and analysis of amplification products were per-
ormed in separate rooms.

To assess Mycoplasma pneumoniae, a throat swab was collected
nd immediately placed into 2.0 mL  of M.  pneumoniae transport
edia (SP4 broth). Culturing, subculturing, and molecular testing
ere performed as per previously published protocols [35–37].

.4.  Capturing disease outcomes

Outcome measures included S. pneumonia infections, any-cause
neumonia, any-cause respiratory disease, recruit training clin-

cal pneumonia (radiographically confirmed during the recruit
raining period), and days lost from training. Active surveillance
as conducted for radiographically confirmed pneumonias only
uring the recruit training period (12 weeks for Marines and 9
eeks for Army and Navy). Passive electronic monitoring of health

are encounters for outcomes other than clinical pneumonia took
lace during recruit training and at the subsequent duty stations
sing the DoD comprehensive electronic databases of outpatient
ealth care encounters, inpatient encounters, and encounters at
ivilian facilities billed to the DoD. International Classification of Dis-
ases, 9th Revision, Clinical Modification (ICD-9-CM) codes 480–486
nd 487 were monitored for these outcomes throughout the
ntire study period. Meningitis cases (ICD-9-CM codes 320–320.2,
20.9, and 322.9) were also captured through these electronic
atabases.

.5. Statistical analysis

A  target sample size of 166 744 person-years was  calculated
ased on the following assumptions: 12% attrition from mili-
ary training, clinical pneumonia attack rate of 11 cases per 1000
erson-years, 20% of captured pneumonias caused by S. pneu-
oniae, 90% of captured S. pneumoniae pneumonias caused by a
accine-covered S. pneumoniae strain, and 70% vaccine efficacy.
After  descriptive investigation of population characteristics,

nivariate analyses were performed to assess the significance
f associations between demographic variables with acute
3 (2015) 1182–1187

respiratory  infection, pneumonia, and radiographically confirmed
pneumonia.

Active surveillance time was  calculated from the partici-
pant’s enrollment date to the projected completion of training,
or diagnosis with radiographically confirmed pneumonia. Passive
surveillance time was calculated from the date of enrollment to 1
June 2007, diagnosis with pneumonia or acute respiratory infec-
tion, or separation from active-duty service, whichever occurred
first.

Using regression diagnostics, collinearity among variables was
investigated. Cox’s proportional hazard time-to-event modeling
was used to evaluate outcomes among study participants, while
adjusting for differences in population characteristics between
treatment arms and accounting for different enrollment dates and
active and passive surveillance periods. A manual backward step-
wise elimination approach was used to reduce the saturated Cox
regression model by removing those variables that were insignifi-
cant (  ̨ = 0.05) and not confounding other measures of association.
Additionally, cumulative probabilities of outcomes from enroll-
ments through end of follow-up periods were graphed. Statistical
modeling to produce adjusted hazard ratios and associated 95%
confidence intervals was  performed using SAS software, version
9.0 (SAS Institute, Inc., Cary, NC).

Days lost from training were estimated using a survey adminis-
tered at the end of training to a convenience sample of 71 692 study
participants. Differences between treatment arms were evaluated
using analysis of variance.

3.  Results

3.1. Study cohort and demographic characteristics

Enrollment began in October 2000 and was completed in June
2003. A total of 152 723 participants were enrolled and followed,
exceeding the required sample size of at least 166 744 person-
years for the initially planned observation period. Because of the
expanded study observation period, participants were followed for
study outcomes until they left military service or 1 June 2007,
whichever came first, yielding a total of 617 817.8 person-years
of observation. Volunteer rates averaged 46%. The randomization
process generated vaccine and placebo treatment groups that were
relatively balanced by demographic characteristics (Table 1).

3.2.  Outcome measures

No  S. pneumonia infections were identified by culture, PCR or
paired serology (n = 117/371 with convalescent draw); therefore,
this outcome measure was not included in further analyses.

Using  the radiographically confirmed pneumonias captured
during recruit training as an outcome, cumulative Cox time-
to-event data (days to radiologic diagnosis) documented little
difference in study arms (Fig. 1). Similarly, Cox proportional haz-
ard modeling revealed no statistically significant difference in study
arms for any-cause pneumonia, any-cause respiratory disease, or
meningitis (Fig. 1). Among the 71 692 participants who completed
the end of training questionnaire, no significant difference in lost
days of training was noted in aggregate (41 129 vs 41 452, for vac-
cine vs placebo) or when stratified by training site (data not shown).
The highest number of radiographically confirmed pneumonias
(218 of 371 cases) was  reported by Recruit Training Command Great
Lakes, which enrolled 26% of participants. A probable etiology was

found for 53% of 371 cases of radiographically confirmed pneumo-
nia. Adenovirus infection was identified in 36%, C. pneumoniae was
identified in 9%, and M. pneumoniae was identified in 8% of cases
(Table 2). It should be noted that C. pneumoniae may be found in
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neumococcal disease (inpatient and outpatient) counts have been
elatively steady during the period 2000–2008 [40,41].

The  study may  also have been limited by the procedural change
rom active surveillance in recruit training to passive surveillance
n the subsequent years of diverse military duty assignments.

hile diagnostic codes are very centric to outpatient and inpatient
ncounters in DoD medical treatment facilities, capture of acute
espiratory disease, pneumonia, meningitis, or other pneumococ-
al disease depends on the study participant seeking medical care,
he provider ordering the appropriate diagnostic tests, the avail-
bility and accuracy of tests, and the combined efforts involved in
aking a specific diagnosis. Hence, it seems logical that we  missed

ome S. pneumoniae infections, some pneumonias, and likely con-
iderable acute respiratory disease. However, because the trial was
ell balanced in randomization, if there was a marked benefit from

he vaccine in protecting against any one of the study outcomes, we
ould have seen some indication of this in the large sample size.
e simply saw no evidence of such protection.
Another possible contributor to vaccine non-effect is that

dministering a protective vaccine to approximately 23% of mil-
tary trainees might have provided a herd-immunity protective
ffect. This is particularly possible during recruit training. Train-
ng facilities are recognized as high risk environments for acute
espiratory disease and pneumonia, comprising a high proportion
f total cases in the DoD [14]. A reduction in risk during recruit
raining could have greatly reduced outcome counts due to pneu-

ococcal disease such that vaccine effectiveness would be difficult
o detect. However, as PPV23 has not been shown to affect nasopha-
yngeal colonization, vaccination would not be expected to reduce
he transmission of pneumococcal disease by asymptomatic carri-
rs.

While it would seem that PPV23 should not be indicated for
outine use in military trainees, subsets of military personnel may
till fall within certain high-risk groups advised for vaccination.
he Advisory Committee on Immunization Practices currently rec-
mmends PPV23 for all persons aged 65 years or older and for
hose 18 years of age or older in high-risk groups, including all
igarette smokers, persons with chronic pulmonary disease, and
ersons with other chronic diseases that affect the immune system.
owever, with the exception of cigarette smoking, few military
ersonnel would be expected to meet the health indications spec-

fied for receipt of adult pneumococcal vaccine. In conclusion, data
rom this large, double-blind, placebo-controlled trial of PPV23 do
ot support the routine use of vaccine among healthy new military
rainees.
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